Outbreaks of human salmonella infections are increasingly associated with contact with live poultry, but effective control measures are elusive. In 2005, a cluster of human salmonella Montevideo infections with a rare pattern on pulsed-field gel electrophoresis (the outbreak strain) was identified by PulseNet, a national subtyping network.
TABLE 1
Guidance on achieving these standards is provided by the National Poultry Improvement Plan (NPIP), at the U.S. Department of Agriculture (USDA); however, compliance with recommendations by the owners of mail-order hatcheries is voluntary.
Within 24 hours after hatching, live young poultry (e.g., chicks, goslings, and ducklings) are frequently shipped in cardboard boxes containing up to 100 birds through the U.S. Postal Service from hatcheries to agricultural feed stores or private homes around the country. These birds can be purchased for $5 or less in venues such as agricultural feed stores or directly from mailorder hatcheries. The Postal Service reported that in the first 6 months of 2009, it shipped approximately 544,300 kg (1.2 million lb) of packages containing live poultry; during this same period, the mail-order hatchery industry reported record sales due to increased interest in raising backyard flocks and urban chickens.10 Trace-back investigations of outbreaks associated with hatcheries are complicated by a practice called drop-shipping, in which a hatchery that cannot fill a customer's order requests that a second hatchery send birds directly to the customer under the name of the first hatchery. In these situations, the receipt does not indicate the name of the second hatchery, complicating the identification of the hatchery of origin for a particular shipment of birds.
This report describes the investigation of an ongoing multistate outbreak of human salmonella Montevideo infections associated with contact with live young poultry originating from one mail-order hatchery in the western United States, referred to as Hatchery C. Critical aspects of the investigation are ongoing surveillance, which enabled the detection of the outbreak of human disease; investigation of the illnesses, including interviews with patients, a 2006 survey of agricultural feed stores, a trace-back investigation of the implicated live young poultry to identify the mail-order hatchery source, and multiple on-site inspections at Hatchery C; and ongoing interventions at Hatchery C to reduce the risk of human salmonella infections.
In April 2005, the Colorado Department of Public Health and Environment identified three Salmonella enterica serotype Montevideo isolates with identical patterns on pulsed-field gel electrophoresis (PFGE) (XbaI pattern JIXX01.0049, the outbreak strain). State and local public health agencies in Colorado interviewed the patients; all three reported exposure to chicks or ducklings purchased from agricultural feed stores in the week preceding the onset of illness. Queries to PulseNet, the national molecular subtyping network for foodborne disease surveillance,11 indicated that in 2005 the outbreak strain had been isolated from five other persons in four states (Kansas, New York, Oklahoma, and Texas). To gain historical perspective on the occurrence of the outbreak strain, we queried the PulseNet database for isolates that had been reported between 1999 and 2004. Among the 1901 salmonella Montevideo isolates reported during this period, only 5 (0.3%) were identified as the outbreak strain, making this a rare PFGE pattern.
As part of routine surveillance, salmonella isolates from ill persons were serotyped and subtyped with the use of PFGE at state and local public health laboratories, and the results were submitted to PulseNet. A case was defined by a clinical sample yielding the outbreak strain of salmonella Montevideo and uploaded to the PulseNet database between January 1, 2004, and December 31, 2011 . Testing for susceptibility to a standard panel of 15 antimicrobial agents was performed by the National Antimicrobial Resistance Monitoring System.12 State and local public health officials interviewed patients or their caretakers, using a series of standardized questionnaires developed by the Centers for Disease Control and Prevention (CDC), state and local health departments, and the NPIP. The questionnaires focused on clinical illness, contact with live poultry during the week preceding the onset of illness, details related to the purchase of poultry, the patient's or caretaker's knowledge of salmonella transmission, and the extent to which the patient or caretaker was informed at the time of purchase about the risk of acquiring salmonella from live poultry. As the information available over the 8 years of the investigation evolved, additional questions were asked of patients. Analyses of the database were performed by CDC personnel. All study participants (patients or caretakers) provided oral informed consent.
In March 2006, we surveyed representatives of agricultural feed stores in New Mexico that sold young poultry during that year. New Mexico was chosen because it had a large number of cases as well as resources available to support investigation activities. Stores identified in an Internet search were randomly selected for an in-person or a telephone interview. The standardized questionnaire focused on the source of the live poultry, volume of live-poultry sales, handling and hygienic conditions of poultry in the store, knowledge about the risk of transmission of salmonella from poultry to humans, and education of customers about this risk.
Information provided by patients was used to trace the young poultry they had purchased through retail outlets to the mail-order hatchery of origin. State and local public health officials and animal health agencies conducted the trace-back investigations.
From 2004 through 2011, the outbreak strain was isolated from 316 case patients, as reported by the departments of health in 43 states (Table 1 and Figure 1 ). The number of cases peaked annually in the spring; the greatest number of cases was reported in 2006 ( Figure 2 ). Age and sex were reported for 266 and 280 patients, respectively. The median age of patients was 4 years (range, 1 month to 86 years), and 143 (54%) were 5 years of age or younger (Table 1 and Figure 3) ; 149 patients (53%) were female. Interviews were completed with 156 (49%) of the 316 patients (or caretakers); 153 (98%) reported diarrhea, and among the 145 patients with available information, 80 (55%) reported bloody diarrhea. Thirty-six of the 156 patients interviewed (23%) were hospitalized for a median duration of 2 days (range, 1 to 41). Twenty-three (64%) of the 36 hospitalized patients were 5 years of age or younger. No deaths were reported. All isolates were susceptible to the standard panel of 15 antimicrobial agents.
Information on contact with live poultry was available for 159 patients, and 122 of these patients (77%) were reported to have had contact with live young poultry during the week preceding the onset of illness (Table 2) . Among the 89 patients or caretakers who were asked whether the young poultry were artificially colored, 11 (12%) reported that they were; 10 of these patients (91%) were 5 years of age or younger. Investigators asked 91 patients or caretakers if they had purchased chicks as pets, and 38 (42%) said yes; among 32 patients or caretakers who were asked the age of the pet owner, 22 (69%) said it was a child 5 years of age or younger. When interviewees were asked if they had known that salmonella infection could be acquired from contact with poultry, 16 of 76 respondents (21%) said yes, and 5 respondents (7%) reported receiving an oral or written warning at the time of purchase on the risk of acquiring salmonella infection from live poultry.
In 2006, we surveyed representatives from 54 agricultural feed stores identified as selling chicks in New Mexico; half were surveyed in the store and half by telephone. The median number of chicks sold per store was 600 per year (range, 50 to 5500). Of the 54 respondents, 21 (39%) reported that chicks from different shipments were comingled at the store; 31 (57%) reported that the bird housing area was cleaned daily, 11 (20%) reported that it was disinfected between shipments, and 19 (35%) reported that it was disinfected only at the end of the season. Artificially colored chicks were sold by 32 of the stores (59%). Representatives from 46 of the stores (85%) were aware that live young poultry can transmit salmonella to humans; among these representatives, 26 (57%) reported that they give customers oral or written warnings about transmission.
Between 2005 and 2011, trace-back investigations were conducted for live poultry found in the households of 59 case patients to determine the hatchery origin. In 48 of these households (81%), the origin was Hatchery C. Seven other mail-order hatcheries were also identified during the investigations. Hatchery C is known to drop-ship birds for other mail-order hatcheries; however, investigators were unable to determine whether implicated birds were drop-shipped from Hatchery C.
Hatchery C ships birds to customers in all 50 states and produces an estimated 4 million birds annually. During the spring, which is the peak shipping season, Hatchery C ships an estimated 250,000 birds in one week (unpublished data). In 2006, poultry experts and veterinary consultants began providing technical assistance to the owners of Hatchery C for the prevention and control of salmonella. Specific recommendations were provided for increased biosecurity, enhanced rodent control, feed decontamination, routine surveillance of the hatchery environment through microbiologic sampling at the premises, and the use of autogenous poultry vaccine.
The owners of Hatchery C voluntarily implemented recommendations by replacing, updating, and sealing old equipment and floors, changing airflow within the facility, implementing a quaternary ammonium eggcleaning procedure, improving hatchery biosecurity, conducting routine biologic surveillance for salmonella on the hatchery premises, and contracting with a private company to develop an autogenous poultry vaccine designed to reduce the presence of the outbreak strain in the hatchery. Widespread vaccination of all adult chickens at Hatchery C began in August 2006.
In October 2007, an investigation team consisting of representatives from the NPIP, state departments of public health and animal health, and the CDC visited Hatchery C to monitor the cleanup progress, make further recommendations on salmonella prevention and control, and collect additional biologic samples from birds, droppings, and litter and in areas or on equipment with which birds had contact in order to test for the presence of bacteria in the environment. Collected samples were cultured for salmonella at three independent laboratories. Serotyping and molecular subtyping with the use of PFGE were performed at the National Veterinary Services Laboratories of the USDA Animal and Plant Health Inspection Service. The outbreak strain was identified in 58 isolates from these samples by PulseNet. Between 2008 and 2009 , an additional 200 environmental samples were collected from the premises of the hatchery, cultured for salmonella at a commercial laboratory, and serotyped and subtyped with the use of PFGE at the state public health laboratory. The outbreak strain was detected in 14 (7%) of these samples. A veterinary consultant continued to visit the hatchery, monitoring surveillance findings and suggesting additional interventions as necessary.
In this report, we describe a prolonged and ongoing multistate outbreak of human salmonella Montevideo infections primarily affecting young children and linked to contact with live young poultry from a single mail-order hatchery. Trace-back investigations of poultry to which ill persons were exposed identified Hatchery C, a mail-order hatchery in the western United States, as the source of the birds. During the 8-year period from 2004 through 2011, we identified 316 cases in 43 states as part of the outbreak. Because only a portion of salmonella infections are laboratory-confirmed, it is likely that thousands of additional unreported infections occurred in association with this outbreak.1
Although the number of reported human infections with the outbreak strain declined after the implementation of enhanced biosecurity and intervention measures at the hatchery in 2006, cases continued to be reported. It is likely that a temporary lapse in the hatchery's standard operating procedures in 2010 resulted in increased bacterial loads in the hatchery environment. Findings from epidemiologic and environmental investigations and the fact that Hatchery C has a closed breeding facility that does not introduce birds from outside flocks suggest that this outbreak strain persisted in the hatchery's environment throughout the 8-year investigation. At the time of this report, Hatchery C was working closely with the state departments of public health and animal health, a veterinary consultant with poultry expertise, the CDC, and the NPIP to enhance and further implement salmonella prevention and control recommendations, with the goal of preventing additional human infections.
Hatchery C is not the only hatchery in the United States that has been linked to outbreaks of human salmonellosis caused by infected poultry. Reports of investigations conducted from 1955 through 2009 describe outbreaks of human salmonellosis involving multiple salmonella serotypes and mail-order hatcheries in the East, the Midwest, the Southwest, and the Pacific Northwest. [2] [3] [4] [5] [6] [7] [8] The current investigation shows that control interventions at mail-order hatcheries can play a role in the reduction of salmonella transmission and suggests that consumer education and hygienic interventions at venues selling young poultry are measures that have not been fully incorporated into a comprehensive prevention strategy. The investigation also shows the difficulty of reducing salmonella transmission from live poultry. Between January 1 and April 30, 2012, only one human case of infection with the outbreak strain was reported to PulseNet. The trend of decreasing numbers of cases reported after the interventions at the mail-order hatchery and the low number reported in the first 4 months of 2012 support the conclusion that the interventions are helping to reduce human infections.
Consumers wishing to reduce their risk of illness should practice meticulous hand hygiene and encourage this behavior in children. High-risk groups, including children younger than 5 years of age, elderly persons, and immunocompromised persons, should not handle or touch chicks, ducklings, or other live poultry. Live poultry should not be allowed inside a residence, in bathrooms, or in areas where food or drink is prepared, served, stored, or consumed. Any equipment or materials associated with raising or caring for live poultry should be cleaned outside the residence. Additional recommendations on reducing the risk of illness associated with live poultry are available at www.cdc.gov/healthypets/resources/posters.htm. This investigation shows that the sanitary conditions of housing for birds at agricultural feed stores vary and that the comingling of birds from multiple shipments occurs. Comingling can be a source of the propagation of pathogens among birds that are sold to the public. At this time, no standard guidelines are available for owners of agricultural feed stores on the implementation of effective hygienic and biosecurity measures in areas housing birds (unpublished data). We recommend that public health and animal health officials and industry partners develop guidelines to reduce salmonella transmission.
Approximately half the ill persons in this outbreak were children 5 years of age or younger. We recommend prohibiting practices (e.g., artificially coloring birds) that target the sale of birds to children. This investigation shows that consumers are often unaware of the risk of salmonellosis from exposure to live poultry and are not adequately warned at the time of purchase. Staff at agricultural feed stores should encourage customers to wash their hands after touching live poultry or objects in bird-display areas, and information warning customers about the risk of salmonella infections from live poultry should be distributed at venues where live poultry are sold.13 The CDC, the NPIP, and some departments of health have developed educational material on the risk of illness associated with live poultry.14,15
Comprehensive control programs should be developed and maintained at hatcheries and breeder farms. These programs should include routine microbiologic monitoring and effective and practical sanitation components directed at reducing the occurrence of salmonella organisms in hatching eggs and chicks. The NPIP has established sanitation standards for poultry breeding stock and hatchery products to prevent the spread of diseases that are transmitted by eggs and disseminated at hatcheries.16 Mail-order hatcheries may voluntarily choose to follow NPIP recommendations for meeting these standards; however, wide variation among
